T he selection of donors for adult-to-adult right hepatic lobe living donor liver transplantation (LDLT) is one of the most important aspects of this procedure. [1] [2] [3] [4] [5] Criteria for donor selection are evolving as experience with the procedure increases. However, the two fundamental purposes of the donor evaluation are to ensure that (1) the donor operation may be performed safely, and (2) the donor is able to yield a suitable graft for the recipient. Donor safety is the single most important clinical issue related to LDLT. Concern over donor safely may be one of the reasons the number of LDLTs performed in the United States has declined since the widely publicized donor death that occurred January 2002. After this tragic event, many transplant surgeons and physicians have taken a more cautious approach to LDLT. As a result, the number of LDLT procedures decreased 31% from 518 in 2001 to 359 in 2002. 6 The current rate of LDLTs performed in 2003 is even lower, with a projected total number of cases (272 LDLTs by year's end) nearly 50% less than in 2001. This report gives a brief overview of the donor evaluation process, followed by discussion of current relevant topics in donor evaluation.
Donor Selection
After a patient with chronic liver disease is identified as a suitable candidate for LDLT, he or she may accept volunteers for donor evaluation. After the donor has contacted the transplant center, evaluation of the potential donor proceeds in a stepwise fashion so that unsuitable donors may be excluded as early as possible in the evaluation process. Table 1 lists the three specific phases of donor evaluation used at our center. Phase 1 is designed to determine that the potential donor meets all the appropriate inclusion criteria for donation: appropriate blood type, age, body size, and relationship to the recipient. At our center, this initial phase of donor evaluation is performed by an experienced registered nurse over the telephone. The potential donor must be between the ages of 18 and 55 years, show a significant long-term relationship with the recipient, and have an identical or compatible blood type and no significant medical problems. No other immunologic matching other than blood type is required of the potential donor. In addition, height, weight, and a brief medical, psychosocial, and surgical history is documented, along with current medications. Serum electrolyte levels, blood count with differential, liver function tests, blood type, and hepatitis serological tests may be performed if the donor has no obvious contraindications to donation. Relative contraindications for donor evaluation discovered frequently in the early phase of donor evaluation include hypertension, hypercholesterolemia, previous significant abdominal surgery, and obesity. These issues must be considered in each potential donor case by case, based on the experience and judgment of the transplant team. In all cases, the safety and health of the donor are the primary considerations.
Approximately 50% of patients who are eligible for LDLT are unable to identify a potential donor who fulfills the donor criteria listed in Table 1 . 7 Reasons a patient is unable to identify an potential donor for evaluation often are complex and include estrangement from family/friends, no family/friends between the ages of 18 and 55 years, or a potential donor with an obvious medical problem (morbid obesity, active substance abuse, or significant obvious medical problem). One basic criterion at almost all centers is that the donor and recipient must have a significant long-term relation-ship. Evaluation of nondirected donation (Good Samaritan) is not considered at most centers. Rarely, recipients eligible for LDLT refuse to accept LDLT as a treatment option because of safety concerns related to the donor's surgery. In our experience, less than 5% of patients decline LDLT for this reason. 7 Body size compatibility between the donor and recipient is an important preliminary consideration in the donor evaluation. At our center, we require that the donor and recipient are within approximately 30% body weight of each other. In most cases in which the recipient's body weight is 30% or greater of the donor's body weight, the donor will be unable to yield a large enough graft for the recipient. Other centers use specific formulas to assist in the prediction of whether the donor has adequate hepatic mass. Two formulas are used to assess graft size adequacy: (1) graft-recipient body weight ratio and (2) graft weight as a percentage of standard liver mass. 8 Both are equally useful, with lower limits of graft acceptability of 0.8% to 1.0% for graftrecipient body weight ratio and 40% to 50% for percentage of standard liver mass. However, there may be a wider range of acceptability depending on the recipient's Child's class. 9 For physically large recipients greater than 100 kg, the likelihood of finding a donor physically large enough to yield a sufficiently large graft is small. At our center, the largest living donor liver transplant recipient weighed 104 kg at the time of surgery. As a result, LDLT has limited applicability in large patients because of the inability to identify a suitable donor.
After phase 1 data are obtained, the potential donor is presented to the transplant selection committee to decide whether to proceed with phase 2 (comprehensive donor evaluation). Phase 2 consists of additional testing, including a complete medical history and physical, psychosocial, surgical, and preoperative anesthesia evaluations. These tests must be performed at the transplant center where the donor surgery is to occur. To prevent an obvious conflict of interest, medical history and physical examination should be performed by a physician who is not attending the recipient. Donor psychosocial evaluation, an important component of the overall evaluation process, is discussed in another article. At our center, we have noted that almost all our donors are patients who, based on their excellent health, have little or no experience with medical procedures. As a result, we have a nurse meet with each potential donor to teach him or her about the critical logistics of the procedure (e.g., preanesthesia care, immediate postoperative care, and explanation and purpose of surgical drains and nasogastric tube). We also give each potential donor the opportunity to meet personally with another donor who has undergone the donor surgery.
Phase 3 of the evaluation is performed to follow up on any abnormalities discovered during phase 2. At our center, approximately 60% of potential donors evaluated are found medically suitable and undergo donation. 7 There are important considerations that the transplant team must consider regarding the final decision of the suitability of a donor for donor surgery. Some potential donors decide not to donate based on information that they gain during the donor evaluation. In almost all cases, it is in the best interest of the donor not to reveal this decision directly to the recipient. It also is important for the donor to be given sufficient time to process all the information gained during the evaluation process so that he or she can make an informed and considered decision regarding the choice for donation. In many clinical settings, pressure on the transplant 
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team and donor to make a final decision regarding donation is intense because of the severity of illness of the recipient. However, the integrity of the evaluation process must be maintained above all other interests, and the donor must be given sufficient time to make a careful decision regarding donation without external pressures.
After the donor has been approved for donor surgery, timing of the transplantation must be determined based on the medical condition of the recipient. Each recipient is maintained on the cadaveric transplant list up to the time of LDLT. In almost all cases, a cadaveric transplant is preferable to LDLT; therefore, the recipient would be eligible to receive a cadaveric donor up to the time of LDLT.
Special Considerations and/or Issues in Donor Evaluation
Obesity Obesity (body mass index [BMI] Ͼ 28 kg/m 2 ) in potential donors is an increasingly common problem because the prevalence of obesity is increasing in the United States. Currently, 21% of the US population is obese. 10 In general, obese individuals are unsuitable for donation. A recent study showed that 78% of potential donors with a BMI greater than 28 kg/m 2 had hepatic steatosis (Ͼ10% steatosis) on liver biopsy. 11 Most centers exclude donors who have greater than 10% steatosis on liver biopsy because in cadaveric transplantation, hepatic steatosis is associated with poor posttransplantation graft function. However, there are no data regarding outcomes after LDLT with the use of steatotic grafts. As a result, most centers exclude obese donors from evaluation. However, one report showed a poor correlation with BMI and hepatic steatosis. Ryan et al 12 found that 73% of overweight (BMI Ͼ 25 kg/m 2 ) donors had little or no hepatic fat and 9% of candidates with a BMI of 25 kg/m 2 or less had 10% or greater steatosis.
Another reason that obesity is a relative exclusion for donor evaluation relates to the increased risk for complications with the donor surgery. Studies have shown that risk for bleeding and postoperative complications is greater after hepatectomy in obese compared with nonobese patients. In addition, obese patients are more likely to have comorbid conditions (hypertension, hypercholesterolemia, and diabetes), which could increase the risk for postoperative complications after donor hepatectomy. 13 Although an obese donor rarely is able to donate, selected overweight patients may be considered for living liver donation after careful evaluation. Distribution of fat in the body may be an important factor in determining suitability for donation. Patients with a greater waist-hip ratio have more abdominal fat and a greater incidence of hepatic steatosis. 14 The increased distribution of abdominal fat also may increase the likelihood of abdominal wound complications after donor surgery. A greater waist-hip ratio is more common in men than women. Consequently, overweight nonobese women may be more suitable for donation than similar-sized men.
Regional variations in the prevalence of obesity can be important determinants in the suitability of the donor pool at transplant centers. The greatest regional prevalence of obesity is in the southeast and north central United States. 10 The potential donor pool for LDLT centers in these regions may have significant difficulty in the identification of suitable donors because of the high incidence of obesity. However, the likelihood of identifying a nonobese donor for LDLT may be greater in the Rocky Mountain West, which has the lowest prevalence of obesity of any region in the United States.
Donor Advocate
An important recent development in the donor evaluation process is the recommendation for a donor advocate. The role of the donor advocate was created in large part as a result of the re-examination of the donor evaluation process after a well-publicized donor death in 2002. Currently, the Ad Hoc United Network for Organ Sharing (UNOS) Committee on Living Donor Liver Transplantation, 15 the Secretary of Health and Human Services Advisory Committee of Organ Transplantation, 16 and the New York State Health Board 17 recommend that each LDLT center provide a donor advocate for each person evaluated for living liver transplant donation. The specific qualifications of the donor advocate have been left undefined by design. However, a donor advocate must be an employee of the medical center and have some ties to the transplant team to ensure they have a basic understanding of the transplantation process. The donor advocate could be a social worker, psychiatrist, or physician.
The primary role of the donor advocate is to "represent and advise the donor so as to ensure that the [appropriate] elements and ethical principles are applied to the practice of live donor transplantation." 16 The donor advocate's primary obligation would be to "help the donor understand the process, procedure, and risks and benefits of live organ donation and to protect S4 and promote the interests and well-being of the donor." There are clear limits to the influence of the donor advocate on the donor. The donor advocate does not have the right to prevent the donor from undergoing the donor surgery because, by law, this decision ultimately is made by the donor. However, the donor advocate may help the potential donor consider the risk of the donor surgery independent from the deliberations of the transplant team.
Liver Biopsy
The role of liver biopsy in the donor evaluation process varies greatly from center to center. Some centers perform liver biopsy on all potential donors, whereas others perform liver biopsy on potential donors based only on clinical findings that suggest some degree of concern regarding histological status of the liver, i.e., significant history of alcohol intake, BMI greater than 28 kg/m 2 (selected patients), elevated serum ferritin level, presence of steatosis on imaging studies, and so on. Liver biopsy can determine the presence of any underlying histological liver damage and determine the presence and extent of hepatic steatosis. Protocol liver biopsies in an otherwise suitable donor with normal liver function test results may discover minimal abnormalities (minimal portal inflammation, Ͻ 10% steatosis). A recent preliminary report of histological findings in potential donors subjected to protocol liver biopsy found that 73% had an "abnormal liver biopsy." 18 Most abnormalities were nonspecific findings of unknown significance, e.g., granuloma or less than 10% steatosis. Whether potential donors with minimal histological abnormalities should be excluded from donation is unclear.
Cost of Donor Evaluation
Financial considerations of the donor evaluation and hepatectomy are important to consider because the process is complex and expensive. In general, all costs related to the donor are charged to the recipient's insurance carrier. Included in this fee are "failed donor evaluations," i.e., potential donors who undergo testing and are rejected for donation. We recently analyzed the total cost of donor evaluation and hepatectomy (including donor evaluation, donor hepatectomy, all medical care of the donor for 365 days after donation, and all failed donor evaluations). 19 We found that the cost of acquiring an organ from a live donor is almost identical (within 5%) to that from a cadaveric donor. The distribution of donor costs was as follows: donor evaluation, 7%; donor hepatectomy, 73%; and follow-up care during the 365 days after donation, 20%.
Hepatitis B Core Antibody-Positive Donor
Donors who are hepatitis B virus (HBV) surface antigen positive are excluded from donation. However, donors who are HBV core antibody and HBV surface antigen negative have been successfully used as living liver transplant donors. [20] [21] [22] [23] (Donors who are HBV core antibody positive and HBV surface antigen negative do not have active HBV infection, but previous exposure to HBV.) The consideration of HBV core antibodypositive donors is particularly important in regions of the world where HBV infection is endemic and a large number of LDLT procedures are performed. For example, in many parts of Asia, LDLT is the only option for liver transplantation, and more than 50% of the (blood donor) population may be HBV core antibody positive. 21 Special care must be used to ensure that the HBV core antibody-positive donor is able to yield a suitable graft. The presence of HBV core antibody indicates previous HBV infection, which can result in chronic liver damage. Therefore, liver biopsy is mandatory in the HBV core antibody-positive donor. The presence of hepatic fibrosis would preclude donor hepatectomy on the basis of graft suitability, as well as donor safety. The safety and success of LDLT in appropriately selected HBV core antibody-positive donors has been evaluated in several centers in Asia, where there are a large number of HBV core antibody-positive individuals. These studies have shown that the risk of hepatectomy in the HBV core antibody-positive donor is not greater than in other donors. 21 Another concern related to the use of HBV core antibody-positive donors in LDLT is transmission of HBV from donor to recipient. In cadaveric transplantation, recipients of grafts from HBV core antibodypositive donors acquire posttransplantation HBV infection in up to 75% of cases. (Recipient acquisition of HBV infection from an HBV core antibody-positive donor likely is caused by reactivation of minute amounts of HBV in the donor organ, which occurs because of immunosuppression.) In LDLT, there are documented cases of HBV transmission from HBV core antibody-positive donors to living donor liver transplant recipients who have not been administered standard HBV prophylaxis. 23 Administration of HBV prophylaxis with either hepatitis B immunoglobulin 23 or lamivudine 22 to living donor liver transplant recipients of grafts from HBV core antibody-positive donors successfully prevents the acquisition of recipient HBV. Based on this experience, recipients of grafts from HBV core antibody-positive donors should be administered prophylaxis with either hepatitis B immunoglobulin, lamivudine, or both.
Fulminant Liver Failure
LDLT has been performed successfully in the setting of acute liver failure. [24] [25] [26] [27] [28] [29] However, the number of cases performed in the United States is very small. Based on UNOS statistics between July 2001 and June 2002, only 5.5% of 476 living donor liver transplant recipients (26 patients) underwent transplantation as UNOS status 1, which represents only 0.5% of all liver transplantations (26 transplantations) performed in the United States. 6 There are special concerns related to the donor evaluation in the setting of acute liver failure. Most important, the donor evaluation must be performed rapidly because of the severity of illness in the recipient and the rapid clinical evolution of acute liver failure. As a result, the potential donor's evaluation and decision to donate must occur during a very short interval; usually a few days. Some physicians have expressed concern that the expedited evaluation in the setting of acute liver failure potentially could preclude the potential donor from making a careful reasoned decision about donation. 30 In addition, the evaluation team must perform a careful, but expedited, evaluation of the donor. An expedited medical evaluation of the donor usually can be performed in rapid sequence. However, the psychosocial evaluation in some potential donors cannot be completed during the course of a few days. Because of concerns with an expedited donor evaluation, some centers have elected to exclude acute liver failure as an indication for LDLT. The role of LDLT in acute liver failure likely will remain limited because of the small number of patients with acute liver failure and complexities of the donor evaluation in this setting. However, in Asia, where cadaveric donor options may not exist, LDLT likely will continue to be a viable option for carefully selected patients.
Ethnic Differences in Living Donor Liver Transplant Recipients
A greater proportion of Hispanic patients undergo LDLT compared with cadaveric transplantation. In the United States, the proportion of Hispanic living donor liver transplant recipients (16.8%) is 24% greater than Hispanic cadaveric transplant recipients (13.6%). 6 A report from Columbia-Presbyterian Hospital in New York evaluated the proportion of patients listed for cadaveric transplantation who had potential donors volunteer for evaluation. 31 The investigators found that the proportion of Hispanic patients with potential donors was more than twofold greater than those without potential donors. At our center, the percentage of Hispanic transplant recipients undergoing LDLT (35%) is more than twofold greater than Hispanics undergoing cadaveric transplantation (16%).
The reason that Hispanics are more likely to undergo LDLT is unclear. One possibility is that a greater proportion of Hispanic patients may have favorable clinical characteristics for LDLT. In addition, Hispanics generally have larger families (with more potential donors) and may have a greater predisposition to donate. Based on these data, Hispanics may have greater access to LDLT than other ethnic groups, and a greater number of Hispanic may undergo the procedure. Because nonwhite cadaveric liver transplant recipients have decreased posttransplantation survival, differences in the ethnic makeup of living donor liver transplant recipients could impact on outcomes of the procedure. 32, 33 
